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ABSTRACT
Return flow from a 82,030-ha (202,700-acre) tract of cal-
careous silt loam soils irrigated with water diverted from the
Snake River in southern Idaho increased the downstream total
soluble salt and NO3-N loads, but decreased the downstream
PO4-13 load. Under the existing water management practice,
50% of the total input water returned to the Snake River as
subsurface drainage. Net total soluble salt output was 2.4 metric
tons/ha ( I.0 English ton/acre) and, on the average, was con-
siderably greater than necessary to maintain a salt balance, Net
NOs-N output was 33 kg/ha (30 lb/acre). Only about 30% as
much PO44 left the tract via drainage water as entered the
tract in irrigation water. As water passed through the soil,
PO4-P was removed by chemical reactions in the soil, thus
decreasing the concentration in the subsurface drainage water
and decreasing the downstream PO4.P load. Applied P fertilizer
was not leached into the drainage water.
Additional Key Words for Indexing: pollution, nutrients in
water, salt load, nutrient load, water balance, evapotranspira-
tion (ET ).
T
HE GROWING concern for the quality of man's environ-
ment has directed much attention to water quality.
Public interest in environmental quality has aroused specu-
lation about the effects of irrigation and the application of
fertilizers on the quality of surface and ground waters. The
Environmental Pollution Panel of the President's Science
Advisory Committee (14) recommended that high priority
be given to investigations of the relative contribution of
nutrients and total salts from various sources that enter
our surface and ground waters. Other groups have recom-
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Research Soil Scientist, Agricultural Engineer, and Soil
Scientist. respectively, Snake River Conserv. Res. Center, Route
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mended that the contribution of fertilizers to the concentra-
tion of nitrogen and phosphorus in surface and ground
waters be determined under various management systems,
climatic environments, and on representative soil types (11,
15, 19, 21, 22).
A pressing need in irrigation agriculture is the develop-
ment and evaluation of procedures to improve the quality
of irrigation return flows. The factors controlling this qual-
ity of return flows are the quantity and quality of diverted
water, evapotranspiration for the irrigated area, the pro-
portions of the water that return as surface and subsurface
drainage, and direct contributions of quality-degrading
components from industry, municipalities, etc. A certain
amount of leaching is required for maintaining a salt bal-
ance for sustained productivity of any irrigation project
(1, 11, 21, 24, 25), but excessive leaching may dissolve
more soil minerals and remove more soluble salts than
necessary for a salt balance. The relationships between the
amount of water passing through the soil and the salt con-
centration in return flows have not been investigated suf-
ficiently on many projects. These relationships must be
investigated under present irrigation practices to provide
basic information for use in determining practices to im-
prove the quality of return flows and in planning new irri-
gation projects.
There is much speculation that increased use of P fer-
tilizers has greatly increased the PO4-P concentration in
surface waters, and that this concentration increase is the
key to algal blooms and stimulated growth of aquatic plants
(11, 14, 15, 19, 21, 22). PO4P concentrations ranging from
0.02 to 0.05 ppm have been reported as minimal for sup-
porting algal blooms. Certainly algae require phosphorus
for growth and reproduction. Unfortunately, many writers
have considered only phosphorus as the key to water pol-
lution and have ignored other possible key factors. Recently
Kuentzel (8) presented convincing evidence that C is more
hlur &ugh
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likely the key to algal blooms than is P. Certainly, more
research is needed to definitely establish factors controlling
algal blooms.
Information on the P concentration in irrigation return
flows is extremely limited. Chemical reactions of P in the
soil indicate that PO 4-P concentrations in subsurface drain-
age waters should be very low (3, 4, 10, 12, 21). These
concentrations should not exceed the solubility of the vari-
ous phosphorus compounds found in the soil. Johnston and
others (7) reported that the amount of phosphorus re-
moved from an irrigated area through the subsurface drain-
age water was insignificant. More field information is
needed. If irrigation return flows contain insignificant
PO4-P concentrations, we need to know about it. If they
contain important quantities, we need to change practices
to decrease the PO4-P outputs from irrigated lands.
The NO3-N concentration in subsurface drainage waters
from irrigation generally exceeds that in the irrigation
water (21). Several investigators have concluded that much
of the NO3N in subsurface drainage waters originated from
applied N fertilizer (7, 18). In contrast, Bower and Wil-
cox (2) concluded that the use of N fertilizer on adjacent
irrigated land has not increased the NO 3-N concentration
in the upper Rio Grande River. More information is needed
from other irrigation projects to validly assess the impor-
tance of NO3-N in irrigation return flows.
This paper reports results of an investigation of the water-
soluble salt, PO4-P, and NO3-N balances for a 82,030-ha
(202,700-acre) irrigation tract in southern Idaho. Inputs
and outputs of these constituents were determined under
existing water management practices.
MATERIALS AND METHODS
The study area (Fig. 1) was developed by the Twin Falls
Canal Co. and has been under irrigation for about 65 years.
Water is diverted from the Snake River and allocated to
farmers at the rate of approximately 14 liters/sec for each 16 ha
(0.5 cubic feet/sec for each 40 acres) continuously. Water is in
the canal system from about April 1 to November 15 each year.
Canal-flows in the early spring and late fall are considerably
lower than during the peak irrigation season of June, July, and
August because some crops do not require early spring and late
fall irrigation.
Soils of the study area are wind deposited, calcareous, silt
teams, ranging from 0 to 15 in (0-50 feet) deep. A caliche
and silica cemented hardpan layer is found from 0.30 to 0.45
m (12 to 18 in.) below the surface over most of the area. The
soils are underlain by fractured basalt to depths of several
hundred meters. Water infiltration rates are fairly high and
most crops are irrigated by small furrows.
The most important crops are alfalfa (Medicago sativa L.),
dry beans (Phase°!us spp), sugarbeets (Beta vulgaris L.),
small grain, corn (Zea mays L.), and pasture (Table 1). The
row crops are normally seeded in April and May, and normally
the last crop harvested is sugarbeets, which is generally in
October. Mean annual precipitation for the area is approxi-
mately 210 mm (8.5 in.).
High water tables appeared in localized areas throughout
the tract soon after irrigation v.as initiated in 1905. To allevi-
ate this problem, the Canal Company excavated tunnels 1.3 m
wide by 2.3 131 high (4 by 7 feet), into the basalt underlying
the high water table areas. Tunnels were terminated when
ft'actures in the basalt carrying significant amounts of water
were intercepted. The tunnels then served effectively as drain-
SOUTH HILLS
Fig. I—The study area illustrating sampling sites and impor-
tant features.
age channels to convey excess water into natural surface drains.
Approximately 50 tunnels ranging from 400 to 2,400 m (0.25
to 1.5 miles) long were excavated before the practice was dis-
continued in the 1930's and replaced by relief wells connected
by tile lines. These relief wells were 10 to 20 m (35 to 70 feet)
deep, and the tile lines connecting them were 1 to 3 m (3.5 to
10 feet) below the ground surface. These wells flow from
hydrostatic pressure, and water is conveyed to natural surface
drains by the tile lines. This practice also has proved effective
in lowering the water table and is still used today. Flow rec-
ords for the drainage tunnels and tile-relief well networks,
maintained by the Canal Company until the mid-1940's, were
made available for review. All surface and subsurface drainage
returns to the Snake River, which flows through a canyon 165
m (500 feet) deep, forming the northern boundary of the
project.
Sampling sites selected throughout the area included the
project diversion at Milner Dam on the Snake River, 15 drain-
age tunnel outlets, five tile-relief well network outlets, four
main natural surface drains (Rock Creek, Cedar Draw, Mud
Creek, and Deep Creek), and approximately 15 small natural
surface drains returning water to the Snake River. These sites,
except the small surface drains, are shown in Fig. 1 by number,
and the numbers identify the data in Table 3. Samples from
each site, except the 15 small natural surface drains, were col-
lected at 2-week intervals for the Canal Company water year,
October 1, 1968 through September 30, 1969. Surface runoff
water samples were collected at irregular intervals during the
study year. Weirs, flumes, and current meters were used to
measure water flow at the sampling sites. The record of water
diverted was provided by the Twin Falls Canal Co. in coopera-
tion with US Geological Survey.
Water samples were analyzed for total soluble salt concen-
tration and the usual salinity constituents (20), water-soluble
PO4-P (23) and water-soluble NO3-N (20). In addition,
some measurements were made of water-soluble polyphosphates
by standard methods (16, 20) and of NFI 4-N and NO2 -N by
rnicrodiffusion.
The total inputs and outputs of water-soluble salts, PO.,-P,
and NO3-N were based on the concentrations found in diverted
waters, surface runoff water, and subsurface drainage water.
To make these computations, it was necessary to compute a
water balance for the system as described below. Total soluble
salts, PO,,-P, and NO 3 -N in the irrigation water were consid-
ered the primary inputs for the balance. The N input from pre-
cipitation was considered negligible in this study. Applied fertil-
izers were considered as factors affecting PO I-P and NO„-N
outputs. Amounts of fertilizers applied were estimated by inter-
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viewing major fertilizer dealers in the area. Estimated yearly
application rates for P and N, respectively, were 30 and 60
kg/ha (27 and 53 lb/acre).
A water balance based upon the following equation (5),
was computed for the irrigation district:
D P = ET G Q
where:
D =.- all water diverted into the tract
P = precipitation
ET = evapotranspiration
G = subsurface drainage or deep percolation
Q = direct surface runoff.
AS = change in soil water content.
Most of the diverted water, D, was measured at the Milner
Dam diversion. The contribution from the South Hills water-
shed was estimated from US Geological Survey records, and
the small contribution from the city of Twin Falls was esti-
mated from city records. Evapotranspiration, ET, was deter-
mined using a modified Penman approach (6, 13) and crop
growth-by-season curves for the various crops grown in the
irrigation district. This technique has been shown to be valid
in southern Idaho. Surface runoff was determined by measur-
ing the flow of natural surface drains throughout the period
of sampling. The proportions of surface runoff and subsurface
drainage water in natural surface drains conveying both were
estimated by standard hydrograph separation techniques (9).
Normal flow in these drains from December through March
consisted of only subsurface drainage water from tunnels and
tile-relief well networks. Canal company records and flow
measurements showed that the subsurface drainage flows from
these sources cycle yearly, with maximums in the fall and
minimums in the spring. The flows in the surface drains and
the contributing tunnels and tile-relief well networks were
measured from December 1 through March 30. This proce-
dure provided part of the yearly flow cycle for the subsurface
water in these natural surface drains. The remaining portion of
the yearly cycle was projected from the cycles for the con-
tributing tunnels and tile-relief well networks. Thus, yearly
flow cycles for the subsurface drainage water in these natural
surface drains were computed. Measured flows in excess of the
estimated subsurface drainage portion during the year were
considered surface runoff. The change in soil water content,
4.5, was considered negligible because soils generally are low
in water content at the beginning of each water year. The
subsurface drainage or water that passed through the soil was
computed by difference after measuring or estimating the
other components in the equation. More than one-half of this
subsurface drainage water was measured and sampled at the
various tunnel and tile-relief well outlets.
RESULTS AND DISCUSSION
Estimated annual ET ranged from 1,072 nun (42.2 in.)
for irrigated pasture to 584 mm (23 in.) for spring grain
(Table 1). Values for the actual crop season are lower than
those for the entire year because of evaporation from the
soil during the period when no crop is growing. The
weighted mean annual ET was 787 mm (31.0 in.).
The water balance (Table 2) showed that 50% of the
total input water passed through the soil and became sub-
surface drainage. Evapotranspiration accounted for 36%,
and the remaining 14% was surface runoff. Thus, 64% of
the total water input became irrigation return flow into
the Snake River.
The mean electrical conductivity (EC) of water di-
Table 1—Crops grown on the Twin Falls Canal Co. tract and












Alfalfa Cs.leclicago sativa L.)15,301 1, 054	 993 37, 911 41. 4 39. 1
Dry beans














(111t1 vuljairla L. I 8, 526 828	 762 21,069 32, 6 30, 0
Corn an rays L.) 5,580 706	 597 15.765 27,8 23. 5
Fidl grain 3, 278 612	 498 8, 100 24.1 19. 6
Potatoes
(3olanurn tulani) 1,618 759	 668 3, 997 29. 9 26, 3
Peas (Pis ion sativum) 062 617	 516 2,130 24.5 20.3
Towns, canals, etc. • 8, 094 1, 072	 1, 018 20, 000 42, 2 40 1
Noel rrigated area 5, 088 196 12, 570 7. 7 - -
Total 82, 030 202,700
Weighted mean 787 31.0
• Considered the Slime as for irrigated pasture.
Table 2-Water balance for the 82,030-ha (202,700-acre) Twin
Falls Canal Co. tract for the water year, October 1, 1968
through September 30, 1969
Metric English
5ITO x 10i moo acre-feet babes
Diverted from
Snake River 159,134 1,941 1, 290, OM 76.4 89
Runoff from
South Hills 3, 948 48 32, 000 1. 9 2
Precipitation 16,049 195 130,000 7.7 9
City of Twin Falls 111 900 -- 0
Total
out
179,242 2.184 1, 453, 000 86.0 100
ThE rapotranspiration 64, 597 797 523,650 31.0 36
Surface runoff 25, 151 307 203,980 12. 1 14
Subsurface drainage 89, 494 1, 090 725, 470 42, 9 50
Total 179,242 2,184 1, 453, 000 86.0 100
versed at Milner Dam averaged 460 pinhos/cm, with little
variation (Table 3). This value was used for calculating the
total salt input (Table 4), since variation was slight. Sur-
face runoff water had the same EC value as did the diverted
water, Hence, the mean value of 460 itmhos/cm was also
used for computing total salt outputs via surface runoff.
The total soluble salt concentration in subsurface drain-
age water was generally more than twice that in the irriga-
tion water (Table 3). The concentration was nearly con-
stant for each tunnel and tile-well network, but there was
some variation among them. There was no particular pat-
tern to the variation, and generally, differences were small.
Thus, the mean EC value of 1,040 p. mhos/cm was used for
computing the total soluble salt output via subsurface
drainage water (Table 4).
PO4-P concentrations in water diverted from the Snake
River ranged from 0.015 to 0.148 ppm. Concentrations
were lowest during June and July during and immediately
following peak river flow resulting from snowmelt. Be-
cause of the variation in PO4-P concentration over the year,
monthly mean PO 4-P concentrations were used with
monthly water diversions to compute the total PO4-i'
input (Table 4). Using the mean concentration of 0.066
ppm for the year gave a slightly higher input of 105 metric
tons (116 English tons).
Subsurface drainage waters were so Iow in PO4-P that it
was necessary to concentrate samples to verify results by
the sensitive method used (23) (Table 3). The mean con-
centrations for the various subsurface drainage effluents
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Table 3—Mean concentrations of total salts, PO 4-P, and NO3-N
in irrigation and drainage waters of the Twin Falls
Canal Co. irrigation tract
51[111 110, Total malts PO4 -P NO,-N
arohoecrn ppm Win
Milner Dam diversion 1 460 0. 066 - O. 12
Surface runoff 2-5' 480 0.066 0, 12
Tunnels
Clair 6 1, 148 0.013 4.02
Fish HateherY 7 867 0, 013 2. 24
Grossman 8 911 0.014 2. 25
Nye 9 990 0,009 2.44
Tolbert 10 1,130 0.012 3.30
Walters 11 1, 112 0.008 1 47
Mendial 12 1,106 0.009 3.97
Heyman 13 1,102 0.011 3.40
Galloway 14 982 0, 014 3. 58
Cox 15 973 0.015 3. 44
Herman 16 1, 076 0.017 3. 00
Hervey l7 965 0.008 3.39
Peavy 18 984 0.007 3.02
Padget 19 1, 000 0.008 3.01
Hankins 20 1,093 0.012 3.55
Tile-Well Complexes
Brown 21 1,121 0.009 3.01
Hutchinson 22 1,106 0.012 3. 20
Dee 23 1.044 0.023 3.40
Molander 24 1, 088 0.009 3.79
Harm 25 1,000 0.023 3.30
Mean for subsurface
drainage water 1,040 0.012 3.24
• Surface samples were collected throughout the tract where surface water ran off
from fields. The small natural surface drains are not shown, but were sampled ad-
jacent to the Snake River canyon.
did not differ widely. Hence, the mean value of 0.012 ppm
was used for computing P0,-P outputs. PO4-P concentra-
tions were generally lower than those reported by Johnston
et al. (7) in subsurface drainage from California soils. The
solubility of P compounds in calcareous soils at pH 8.2 is
very low (3, 4, 10), and observed values are reasonable.
Surface runoff water contained the same concentration of
P0,1-P as did the irrigation water.
The NOrN concentration in water at Milner Dam was
low, averaging only 0.12 ppm (Table 3). However, on two
sampling dates during the winter when water was not
being diverted, the concentration was about 1.50 ppm,
indicating occasional increases in upstream inputs during
low flows. The mean value of 0.12 ppm was used for com-
puting NO3-N inputs (Table 4).
Subsurface drainage water contained many times more
NO3-N than did the irrigation water, but concentrations
were relatively low compared with Public Health Stan-
dards of 10 ppm as a maximum for drinking water. The
mean value was 3.24 ppm, and variation within and among
drainage effluents was small. Thus, the mean value was
used for computing NO 3-N outputs. Surface runoff water
contained the same concentration of NO3-N as did the
irrigation water.
Samples collected on several dates from all sampling
sites were analyzed for NI-1 4-N and N05-N by microdiffu-
sion techniques, but no detectable concentration of either
was found.
The net output of 196,871 metric tons (217,100 English
tons) of total soluble salts (Table 4) represents approxi-
mately 2.4 metric tons/ha (just over 1 English ton/acre),
These salts arise largely from solubilization of soil minerals.
Leaching occurs each year because 50% of the input
water passes through the soil and becomes subsurface
drainage. This high level of leaching assures against salt
accumulations in the soil, but it also likely increases the
Table 4—Total water-soluble salts, PO4 -13, and NO3•N balances
for the 82,030-ha (202,700-acre) Twin Falls Canal Ca.
irrigation for the water year, October 1, 1968
through September 30, 1969
Metric tons. English tons
Soluble
salts	 POD -P 00,-N
Soluble
malts	 PO, -P NO,-N
•In diverted Snake
River water 467,584 84 190 515, 414 93 210
In runoff from
South Hills 5,128 -- 5, 563 -- --
Total 472,712 84 190 520.977 93 210
Out ltts
anrface runoff 73,900 14 29 81,459 16 32
In subsurface
drainage 593,645 11 2, 898 656, 618- 12 3,194
Total 669, 584 25 2, 927 738, 077 28 3, 226
Net input 59 65
Net output 196, 871 2,737 217, 100 3, 016
• Total salt concentrations were obtained by multiplying the nulcs/cm x 0.64 to give
ppm. The total. yearly quantities of all constitutes measured were obtained by mul-
tiplying the concentration x total yearly flow on a weight basis.
salt output via subsurface return flows to the Snake River.
Little or no precipitation of CaCO3 or CaSO 4 occurs under
these excessive leaching conditions. A salt balance is main-
tained in the sense that as much or more salt leaves the
irrigation tract as enters it (24, 25), but such a balance
probably could be maintained with less leaching. More
efficient irrigation would probably decrease the total salt
load in return flow and thus decrease the downstream salt
load in the Snake River,
Irrigating the Twin Falls Canal Co. tract contributes to
the total soluble salt load in the Snake River downstream.
The contribution is not too serious because 579,792 X 10 4
m5 (4.7 X 10° acre-feet) of water enters the river each
year from the Thousand Springs, adjacent to and down-
stream from the tract. This water has an EC of about 250
to 300 /mhos/cm and, thus, dilutes the salt load in irriga-
tion return flows. Furthermore, the subsurface drainage
water from the tract contains lower total salt concentrations
than does the irrigation water diverted in many locations
from the Colorado and Rio Grande Rivers (1, 2).
Using water for irrigation decreased the PO 4-P load in the
downstream Snake River. Approximately 30% as much
PO4-P leaves the tract in the drainage water as enters in
the irrigation water (Table 4). Hence, 70% of the input
in the irrigation water remains in the soil or is taken up
by plants. Furthermore, there is no evidence that applied
P fertilizers leached into the drainage water as PO 4-P. The
estimated yearly application of P fertilizer is 2,460 metric
tons (2,735 English tons) and only /1 metric tons (12
English tons) of PO 4-P left the tract in the subsurface
drainage water. At some sampling dates the irrigation
water contained measurable polyphosphate concentrations,
whereas the subsurface drainage waters did not. Also,
the organic matter load of the irrigation water was appre-
ciable, and it contains some organic phosphates. In contrast,
the subsurface drainage waters were essentially free of
organic matter. All these factors add to the total P input
into the Twin Falls Canal Co. tract but have little or no
effect on the P output in the drainage water from the tract.
The net NO3-N output of 2,737 metric tons (3,016
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Enalkh tons) amounts to about 33 kg/ha (30 lbs/acre)
per year. The origin of the NO 3 -N is not definitely known,
bu t possible sources are: (1) nitrification processes resulting
from decomposition of plant residues including plowed
• (ii) applied N fertilizer, (iii) feedlots (18), (iv)
fa: . m-home sewer systems, (v) industrial wastes, (vi)
le;,.;ling from semidesert soils, and (vii) precipitation. The
re: :fiVe importance of these N0 5 -N sources is not known.
1:csuits from this investigation should be applicable in
prHciple to much of the western USA where calcareous
so: are irrigated. The variation among irrigation districts
;s:; : depend primarily upon the water balance, land man-
4.-'lent, and geology of the areas. A lower net output of
I soluble salts and NO3-N should be expected in dis-
tr:, where a smaller fraction of the applied water passes
,Ligh the soil to become subsurface drainage. A higher
ni: output of these components should be expected where
a : rger fraction of the input water becomes subsurface
di •nage. The PO4 -P balance depends upon the input.
re irrigation waters contain essentially no P0,-P, the
h nce would be quite different on a percentage basis than
nn :re they contain considerable amounts. If the irrigation
• er contains PO 4-P, most of it will be removed by the
it ,Iation process, and subsurface drainage water will
el lain an extremely low PO 4-P concentration.
.etitrn flows from water diverted for irrigating calcarc-
o soils in the West may contribute to the downstream
Li soluble salt and NO3-N loads of the source stream,
amounts contributed will depend primarily upon the
:ter balance and the amount of leaching. Sufficient
•:thing to maintain a salt balance is necessary for contin-
:d productivity of any irrigation tract. More than that
.•:lount of leaching may contribute more soluble salt and
1.),-N than necessary to the stream carrying away the
-.linage water-usually the source stream. The picture is
1: r ferent with PO, P. Irrigation decreases the downstream
• ubie P0,-P load if the irrigation water contains more
:an about 0.01 to 0.02 ppm. The PO4-P is precipitated as
:tter passes through the soil. Of course if the irrigation
nt :tier contains less than that concentration of PO 4-P, irri-
g:Ition will have no effect on the downstream soluble
f'04- P load. Under these latter conditions, PC/4-P loads are
unimportant.
LITERATURE CITED
I. Bower, Charles A., James R. Spencer, and Lowell 0.
Weeks. 1969. Salt and water balance, Coachella Valley,
California. J. Irr. ,Drain. Div., Proc. Amer. Soc. Civ. Eng.
95 (IR1):55-64.
2. Bower, C. A.. and L. V. Wilcox. 1969. Nitrate content of
the upper Rio Grande as influenced by nitrogen fertiliza-
tion of adjacent irrigated lands. Soil Sci. Soc. Amer. Proc.
33:971-973.
3. Cole. C. V., and S. R. Olsen. 1959. Phosphorus solubility
in calcareous soils: I. Dicalcium phosphate activities in
equilibrium solutions. Soil Sci. Soc. Amer. Proc. 23:116-
118.
4. Cole, C. V., and S. R. Olsen. 1959. Phosphorus solubility
in calcareous soils: II. Effects of exchangeable phosphorus
and soil texture on phosphorus solubility. Soil Sci. Soc.
Amer. Proc. 23:119-421.
5. Haman, W. Russell. 1966. Evapotranspiration and water
yield predictions. In: Evapotranspiration and its role in
water resources management. Conf. Proc., Amer. Soc.
Agr. Eng. p. 8-9.
6. Jensen, Marvin E., and David C. N. Robb. 1970. Schedul-
ing irrigations using climate-crop-soil data. J. Irr, Drain.
Div., Proc. Amer. Soc. Civ. Eng. 96 (IRA ) :25-28.
7. Johnston, William R., F. Ittahadieh, Richard M. Daum,
and Arthur F. Pillsbury. 1965. Nitrogen and phosphorus
in tile drainage effluent. Soil Sri. Soc. Amer. Proc. 29:
287-289.
8. Kuentzel, L. E. 1969. Bacteria, carbon dioxide and algal
blooms. J. Water Pollut. Contr. Fed. 41:1737-1747.
9. Linsle y, R. K., M. A. Kohler, and J. L. H. Pauihos. 1949.
Applied hydrology. McGraw-Hill, New York.
/0. Murrman, R. P., and Michael Peech, 1969. Effect of pH
on labile and soluble phosphate in soils. Soil Sci, Soc.
Amer. Proc. 33:205-210.
11. National Technical Advisory Commitee on Water Quality
Criteria. 1968. Research Needs. US Dept. Int., Fed. Water
Polka. Contr. Admin. p. 69-70.
12. Olsen, S. R., F. S. Watanabe, and C. V. Cole. 1960. Soil
properties affecting the solubility of calcium phosphates.
Soil Sci. 90:44-50.
13. Penman, H. L. 1963. Vegetation and hydrology. Tech.
Commun. no. 53, Commonwealth Bureau of Soils, Har-
penden, England, 125 p.
14. President's Science Advisory Committee. 1965. Restoring
the quality of our environment. Report of the environ-
mental pollution panel. The White House.
15. Smith, George E. 1967. Fertilizer nutrients as contami-
nants in water supplies. p. 173-186. In N. C. Brady (ed.)
Agriculture and the quality of our environment. Amer.
Ass. Advance. Sci. Pub. 85.
16. Standard methods for the examination of water and waste-
water, 12th Ed. 1965. Amer. Pub. Health Assoc., Inc. p.
236-238.
17. Stewart, B. A., F. G. Viets, Jr., G. L. Hutchinson, and W.
D. Kemper. 1967. Nitrate and other water pollutants
under fields and feedlots. Environ. Sci. Technol. 1:736-
739.
18. Sylvester, Robert 0., and Robert W. Seabioom. 1963.
Quality and significance of irrigation return flow. J. hr.
Drain. Div., Proc. Amer. Soc. Civ. Eng. 89 (IR3):1-27.
19. Taylor, Alan W. 1967. Phosphorus and water pollution.
J. Soil Water Conserv. 22:228-231.
20. US Salinity Laboratory Staff. 1954. Diagnosis and improve-
ment of saline and alkali soils. USDA Agr. Handbook no.
60. L. A. Richards (ed.).
21. Utah State University Foundation. 1969. Characteristics
and pollution problems of irrigation return flow. US Dept.
/nt., Fed. Water Pollut. Contr. Admin., 237 p.
22. Wadleigh, Cecil H. 1968. Wastes in relation to agricul-
ture and forestry. USDA Misc. Pub. no. 1065. 112 p.
23. Watanabe, F. S., and S. R. Olsen. 1965. Test of an ascorbic
acid method for determining phosphorus in water and
NaHCOa extracts from soil. Soil Sci. Soc. Amer. Proc.
29:677-678.
24. Wilcox, L. V. 1963. Salt balance and leaching require-
ments in irrigated lands. USDA Tech. Buil. no. 1290.
25. Wilcox. Lloyd V. 1962. Salinity caused by irrigation. 3.
Amer. Water Works Ass. 54:217-222.
